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Abstr act

The purpose of this paper is to
investigate the suitability of vehicle
tracks in providing a discharge path for
fault current, signal noise control, and
i ghtning protective groundi ng. Groundi ng
equi pnent using the track pads is useful
for a variety of industries including
construction, mning, and defense
appl i cati ons. The scope of the paper is
to present the nethod of the investigation

and to grounding suitability results for
tracked vehicles. The approach wused is a
study to derive the groundi ng equations from el ectromagnetic
theory and predict the performance of the track pads, then
conparing the results to actual ground resistance neasurenents
t aken on tracked vehicles.

| nt roducti on

Groundi ng of nobile equipnent is a major electrical safety
concern for the U S. Arny Comruni cations El ectronics Command. As
nor e advanced command, control conmuni cations and intelligence
systens are fielded for tactical applications, the groundi ng
probl em proliferates. When these applications are nade highly
nmobi l e, the enphasis of the design is to neet very stringent tine
requi renents for system deploynent. Also, the increased reliance
on conputerized systens has required cleaner, noise-free power
systens. The grounding problemis increased from both causes
because achi evenent of an effective ground is sonetinmes not
possi ble given the stringent tinme requirenents. Yet it becones
nore necessary to ground, as cleaner power filters typically put
currents on the equi pnent groundi ng conductor (neutral) sonetines
in excess of published safety standards.

A G oundi ng Priner

Equi prrent is grounded for several reasons. The overriding
safety concern is for electrical fault protection. In our
equi pnent, nobile systens are typically powered by external, high
out put nobil e generators. | f the equi pment groundi ng conduct or



shoul d becone open, a fault within the equi pnment coul d possibly
create a potential on the surface of the equi pnent. Personnel
contacting the equipnent may find that they conplete a circuit to
the source of the current, the generator, through the earth.
This current though the body can be harnful or even |ethal. By
groundi ng the equi pnment, we attenpt to equalize the potenti al

bet ween the possi bly energi zed equi pnent surface and the earth.
The lower the resistance to ground is, the better we can

acconplish this. Groundi ng systens, except in large fixed
facilities, seldom achieve a very good ground. 1In this case, a
current can possibly still flow through a person who conpl etes

the circuit as described above. But the current, which is
inversely proportional to resistance, is |lower and may avert

har m The ot her reasons for grounding are for |ightning
protection, and for noise control in signals. These reasons are
ancillary to safety in our discussion and it stands that by

achi eving a good ground, we neet all three reasons. I n our
di scussion, a "good ground” is one that achieves the m ninmal
resi stance to ground. The experinment we discuss attenpts to

achi eve this ground connection through the tracks of a vehicle.
Basi ¢ Groundi ng Theory

Since we nmentioned that the prinme quality we seek in
groundi ng systemis mninmal resistance, we explore it further.
Resi stance to ground is based on the ability of the earth
el ectrode to transfer the current to the bul k earth surrounding

it. It does this through a series of cylindrical shells,
illustrated in the diagramat right. The inportant electrical
characteristic that all grounding equations are dependent on, 1is
the resistivity of the earth surrounding the el ectrode designated
here by the synbol r. As a sinple exanple, we can derive an

approxi mat e expression for the resistance to ground of a sinple
ground rod

This expression yields the Current Density
! within earth as a function of x, the distance
2px fromthe ground rod and |, the depth of the
ground rod. Note that it is given by
dividing the injection current by the surface
area of the cylindrical shells about the

earth electrode. It is in units of Anperes
per unit area, as the injection current is
expressed here as |I. The current could be up to 200, 000 anperes
in a maxi mal |ightning event.
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E=ri=_"" From Ohmis law, electric field strength
X * 2px E, inunits of volts per unit |ength may

be found by multiplying the current



density i by the soil resistivity, r

We can then find the potential (voltage)

A dx as a function of x by integrating the
V= OB field over x, the distance fromthe ground
' r od.
We can substitute the electric field term
ol Ldx E in the second equation, which yields
VX'EBTCE; t he expression bel ow, an approxi mate
' expression for the potential drop as a
. . ri ri, x
function of distance Vy=——Inxinr=_——In—
fromthe ground rod. 2pl 2l

To find the resistance R, we apply OChmis Law, dividing voltage by
current, and using for limts of integration r=a (the radius of
the cylindrical earth electrode) and x = 4l (a distance in which

R= 0.0z

0.0&

i platey, 004

002

1] 20 40 ai &l 100

over 95% of the injection current is dissipated ) vyielding:

Wi ch is approximately the accepted theoretical value for ground
rod resistance, unadjusted for soil inhonogeneity or other
conduction effects.

It is interesting to note the dependence of these equations on



the surface area that the earth electrode has in contact with the

gr ound. As a vehicle track has a |l arge surface area in contact
with the ground, we surm se that this may nake an acceptabl e
ground connection. It is also under significant pressure
therefore it has a highly uniformcontact. We can use the
approxi mate resistance relation for a solid plate resting on the
earth surface to estimate the resistance. Sparing the detail ed

derivation, the theoretical resistance is given by":

a++a’+ b’ b++/a*+ b a b (a®+b*)Va’
—)+ = n( )+
b a 3p? 3a 3a’h’

r.1
Rplate:_[ —I n(
p a

where a, b are the length and wwdth of the plate, and r is soi
resistivity. Plotting the theoretical resistance in figure 2
using this relation, we find that the resistance to earth |levels
of f after about 100 centineters, which is nmuch shorter than the
entire length of a typical vehicle track. W can also see that

the resistance is approximately .01lr, which is about tw ce the
theoretical resistance of a ground rod inserted to an 8 foot

dept h. Near perfect contact at the soil-netal interface is
assuned due to the weight of the vehicle. Qur conclusion from
this calculation is that grounding the vehicle through it's
tracks is possible, if the vehicle tracks nmeet our conditions and
assunptions. Next we will discuss the test conducted and the
actual findings.

G ound Measurenents

I n conducting our test we gathered three pieces of data. W
first determned the soil resistivity. W then determ ned the
earth resistance of a four foot
grounding rod, and finally we ne

attenpted to nmeasure the earth

resi stance of the tracked vehicle. ]
The soil resistivity and earth C1 P1 P2 C2
resi stance of the ground rod were P99

gathered as information to be used for
conpari son purposes. Resistance
measurenents were nade using a Biddle
nodel 250302 earth tester.

Soil Resistivity Measufr enl;nt

190.5 cm 190.5 cm 190.5 cm

! cal cul ati on of Resistances to Ground, H. B. Dwight,
Journal of the American Institute of Electrical Engineers,
Decenber 1936, pp.1319-1328.



The soil resistivity was neasured by inserting 4 el ectrodes
each driven into the ground 10 cmwith a spacing of 190.5 cmin a
straight line, see figure 3. Each electrode was then connected
to a separate termnal on the earth tester. The reading fromthe
earth tester was recorded as 24.2 ohns. Using the foll ow ng
fornula the soil resistivity was cal cul ated.?

r =2pAR This expression yields the average soil resistivity to
a depth Ain ohmcm A is the distance between each
el ectrode and Ris the earth tester reading in ohns.

The soil resistivity was found Ground Pofential Current
to be 28, 966 ohmcm Rod Electrode Electrode
Ground Rod| Reditst ance i H
.618X
X

Getting Down To Earth, Biddle Instrunments, April 1981, pp.
29- 30.



The earth resistance of a 4 foot ground rod was taken using
the three electrode nethod. 1In this nmethod the ground rod is the
reference point, a current electrode is placed a distance x from
the ground rod and the potential probe is placed at approxi mately
61. 8% of x. The distance of .618x is the recommended distance to
get a correct resistance measurement.® This distance will only
provi de an accurate neasurenent if the ground rod and the current
rod are sufficiently separated such that the cylindrical shells
around each do not overlap. To ensure the neasurenent taken is
correct neasurenents were al so taken at equal distances on either

side of this position. |If these neasurenents do not vary greatly
fromthe .618x neasurenent then it can be assuned that the
measurenent is correct. | f however the neasurenents on either

side of the .618x show a steep slope then it can be assuned t hat
the ground rod and the current electrode are interfering with one
anot her and they nust be further separated.

The resi stance was neasured by placing the current el ectrode 40
feet fromthe ground rod and the potential electrode at 21.5 ft,
24.72 ft, and 28 ft. The resistance of the grounding rod was
nmeasured to be 268 ohns, 269 ohns, and 271 ohns at each
respective location. Since these values were within 1 percent of
each other it was believed that they represented valid
nmeasurenents. Therefore the resistance of the ground rod was
recorded as the average of the 3 values or approximately 269
ohns.

Bi ddl e Manual that John has (John Pl ease add this info)



Tracked Vehicle G ound

For the purposes of this test we used an arnored comrand post
carrier, type designation Mb77A2. This vehicle has 2 tracks with
11.5 ft? of earth contact each. Since this represents a |large
conpl ex groundi ng systemthe slope nethod was chosen to neasure
the ground resistance of this system The slope nethod invol ves
taking 3 ground neasurenents placing the potential electrode at
.2, .4, and .6 tines the distance between the groundi ng system
and the current probe, or x.

From t hese neasurenents the
SI Ope Of the M577A2 P1 P2 P3 c

resi stance/ di stance curve are I I . .
found using the fol | owi ng | | |

—0.2X—

formul a. * O

0.6X—

R:- R Mhere R, is the
resi st ance X
Re-Ri npasurenent at 0. 2x,

R, is the resistance
neasurenent at 0.4x, R; is the resistance neasurenent at .6x, and

mis the resistance/ di stance sl ope.

m=

Once mis cal cul ated a correspondi ng val ue of the P/ x can be
found in a provided table. Here Pris the distance where the
true resistance of the system can be neasured, and x is the

di stance that the current electrode is away fromthe system

Since x is know Py can be cal cul ated and the true resistance
measured by placing the potential electrode at that distance from
the system

In setting up this test we first used a value of 123 ft for x.
We took neasurenents placing the potential electrode at 25 ft,
50 ft, and 75 ft fromthe vehicle. W collected neasurenents of

4530 ohns, 4480 ohns, and 4480 ohns respectively. These

measurenents gave us a value of mequal to 0. This value was too
| ow for the table being used. W then decided to retry the
measurenents placing the current probe closer to the vehicle. W
next used a distance of 50 ft for x. Again we took nmeasurenents
this time placing the potential electrode at 10 ft, 20 ft, and 30
ft fromthe vehicle. W collected neasurenents of 4550 ohns,
4550 ohms, and 4540 ohns. Again the values were too close
together to determine a slope. W did not want to pl ace the
current probe any closer to the vehicle because we were concerned
that the shells around the current probe would interfere with the

“Getting Down To Earth, Biddle Instruments, April 1981, pp.
44- 45,



shells elimnating fromthe vehicle track

At this point we decided to take sone resistance neasurenents
on the track itself. The track is made up of may pads each
approximately 15 X 6.5 inches with a 6 X 4 inch rubber shoe in
the center. The pads are held together by a bolt w th rubber
bushi ngs surrounding it. Qur initial belief in conducting this
experiment was that the track pads were sufficiently bonded that
they coul d be considered for purposes of grounding to be a
continuous piece of metal. What we found out however was t hat
t he resi stance between each track pad was greater than 1 Megaohm

Concl usi on

Testing of the concept of using the tracks of vehicles as a
sui tabl e technique for achieving a | ow resistance path to earth
showed that such a | ow resi stance path can not be achieved. The
el ectrical resistance neasurenents indicated that the resistance
bet ween i ndividual track pads on the test vehicle were very high.

This high resistance prevented the track systemfrom acting as
an eclectically continuous path. This mnimzes the surface area
avai l abl e for a connection to earth. Wthout a sufficient area
of surface contact with the earth a good ground can not be
achi eved.
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